The p -d hybridised single-hole states of the transition-metal-oxygen tetrahedron (ΤΜΟ4) are collectivised due to the direct p -p hopping between oxygens of different clusters. The lowest-lying energy band is always narrow and fully occupied. The first excited band gets occupied as an effect of valence-uncompensated doping, so it can be almost localised. The possible hole excitations to the two higher energy bands, which are wider, may imply the Mott-like hopping form of charge transport in these systems.
Introduction
Results of the space symmetry analysis support the idea that the basic structural building units of complex oxides are MO4 metal-oxygen tetrahedra and/or MO6 octahedra [1] . The crystal is then considered as constructed of these simple structural elements which can be either mutually-separated, or form corner-, face-, and/or edge-sharing connections [2, 3] . The Μ cations are in most cases transition-metal (TM) trivalent ions. The A cations are mostly rare-earth (RE) trivalent cations and the oxygens (O) -divalent. The examples of such materials are garnet-structured Á3M5O12 and ÁMO3 perovskite-structured oxides. Charge carriers are created mainly by valence-uncompensated doping, however, they can be also introduced by annealing treatments, or by light excitation techniques. In this paper, we present an approach which is intended as a first step towards an understanding of the development of charge conductivity in such systems.
The model we propose, is a simple cubic lattice consisting of ΤΜΟ4 tetrahedra, separated from one another. The electronic structure of the system is described in terms of compensating holes which fall into two categories: d holes localised at the TM cations and 2p holes localised at the oxygen sites. The cubic crystal field splits 5 orbital states of each d hole into the t2g triplet, being the ground state at a tetrahedral site, and the excited doublet egg . The 2p orbital states at an oxygen site form the triplet t1u, (see: for example, [4] ). The d holes are treated in the local (atomic) limit of the standard two-band Hubbard Hamiltonian with the correlation between holes of the opposite spins, and the cubic crystal field. At the oxygen (563) sites, the opposite-spin Hubbard correlations are neglected, but the Hamiltonian is extended to include the direct ρ-ρ hopping. Finally, the p-d hybridization is introduced connecting the two subsystems of the holes with each other.
The single-hole states of the MO 4 tetrahedron
The first step in our approach is a thorough analysis of the MO4 tetrahedral cluster. Within the framework of the linear combination of atomic orbital (LCAO) method, a cluster wave function can be approximated as a linear combination of atomic orbitals attached to the individual sites. The number of possible molecular orbitals is limited to those constructed of the TM and oxygen atomic orbitals between which the p-d hybridization term has nonzero matrix elements. The appropriate atomic orbitals can be precisely determined by the group-theoretical methods [1] . Here, it is only assumed that those are the orbital singlets. The remaining atomic states at each site of the cluster are neglected since they provide no contribution to the hole motion. In the standard perturbation procedure, we arrive at four energy levels and their respective eigenstates constructed of the Two of the four cluster states have their spin opposite to that of the others.
The electronic structure of the crystal
The system is then considered as a quasi-crystal constructed from metaloxygen clusters with the four p-d single-hole states of distinct energies, attached to each of them [2, 3] . The clusters, labelled by their TM cations, are separated from one another, so the compensating holes get trapped and can only be released by the direct ρ-ρ hopping between oxygens belonging to different clusters. The original ρ-ρ hopping integral, t, is modified by coefficients of the 2ρ atomic orbital contributions to the cluster hole states. The symmetry analysis allows effective jumps both without and with a change of the hole orbital state. Only the spin is preserved in the process of the effective cluster-to-cluster hopping. Therefore, six effective hopping integrals are found corresponding to four jumps with the hole state preserved and two jumps accompanied by a change of the state. The effective Hamiltonian subjected to the Fourier space transformation and the diagonalization with respect to the spin, provides the following energy bands:
where δk = [Ε3 + í3 3 The four energy bands (see e.g. Fig. 1 ) are obtained for different values of the system parameters approximated for TM oxides on the basis of literature on the subject (see: for example [5] ). Also, the four band widths are calculated and compared to the localisation energy for a defect state associated with the Fig. 1 . The band energy in the direction Γ X R Γ of the simple cubic first Brillouin zone.
• -dopant ion. Actual estimation of these values is done for Ca+ 2 -dοped yttrium-iron garnet (YIG). The binding energy of holes to the Ca is obtained from the following simple formula: E = -e 2 /(8πεo €R), where R is the distance between the calcium and the nearest oxygen and ε is the dielectric constant. The value of the energy is about -0.2 eV for C = 15 which is assumed for YIG [6] . For a certain set of parameters (U = 5 eV, Δ = 4 eV, V = 2.5 eV and t = 0.3 eV) three energy bands (€k,1, ε k,2, and εk 4 ) have their widths equal to 0.10 eV, 0.23 eV, and 0.19 eV, respectively. They are rather narrow, so localised states are allowed. No charge transport is possible unless some holes get excited from the first band to the next band with the same spin direction (εk 3 ) and its width is equal to 0.32 eV. On the whole, the band widths turn out to be very sensitive to all the system parameters and especially to the oxygen-oxygen hopping. Its parameter (t) has been varied in a rather wide range and, for instance, if t = 0.3 eV the width of the narrowest band is equal to 0.1 eV and the localisation certainly occurs.
